This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 



BLACK BORDERS 

TEXT CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT 
ILLEGIBLE TEXT 
SKEWED/SLANTED IMAGES 
COLORED PHOTOS 

BLACK OR VERY BLACK AND WHITE DARK PHOTOS 
GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



THIS PAGE BLANK (uspto) 



(19 



Eur paisches Patentamt 
European Patent Office 
Offic europeen d s br vets 




(u) Publication number : 0 479 592 A2 



(12) 



EUROPEAN PATENT APPLICATION 



@ Application number: 91309074.2 
(3) Date of filing : 03.10.91 



@ int. ci. 5 : C08J 7/00, C08J 5/12, 
B29C 59/14, C08J7/12 



(So) Priority : 05.10.90 JP 266392/90 
12.04.91 JP 108471/91 
12.04.91 JP 108472/91 



(33) Date of publication of application : 
08.04.92 Bulletin 92/15 



(S) Designated Contracting States : 
DE GB 



(7i) Applicant : Bridgestone Corporation 

10-1, Kyobashi 1-Chome Chuo-Ku 

Tokyo 104 (JP) 
@ Applicant : Okazaki, Satiko 

20-11 Takaidohigashi 2-chome, Suginami-ku 

Tokyo (JP) 
@ Applicant : Kogoma, Masuhiro 

843-15, Shimoniikura 

Wako-shi, Saitama-ken (JP) 

@ Inventor : Kusano, Yukihiro 

No. 144 f Kamiyasumatsu, Tokorozawa-shi 
Saitama-ken (JP) 



Inventor : Yoshikawa, Masato 

No. 5-9-202, Ogawa Higashi-cho, 3-chome 

Kodaira-shi, Tokyo (JP) 

Inventor : Tariuma, Itszuo 

3405-181, Kashiwahara, Sayama-shi 

Saitama-ken (JP) 

Inventor : Fukuura, Yukio 

No. 199-8, Kitairiso, Sayama-shi 

Saitama-ken (JP) 

Inventor : Naito, Kazuo 

No. 969-1, Maginu, Miyamae-ku 

Kawasaki-shi, Kanagawa-ken (JP) 

Inventor :. Morimura, Yasuhiro 

No. 1-1, Ogawa Higashi-cho 3-chome 

Kodaira-shi, Tokyo (JP) 

Inventor : Okazaki, Satiko 

No. 20-11, Takaido Higashi 2-chome 

Suginami-ku, Tokyo (JP) 

Inventor : Kogoma, Masahiro 

No. 843-15, Shimoniikura, Wakou-shi 

Saitama-ken (JP) 

@ Representative : Stoner, Gerard Patrick et < 
Mewburn Ellis 2 Cursitor Street 
London EC4A 1BQ (GB) 



(g) Surface treatment of fluorochemical members and preparation of composite products therefrom. 



(57 



Tightly integrated composite products are obtained by treating a fluorochemical member on its 
surface with atmospheric glow plasma in a helium gas atmosphere, and joining another member of 
rubber compositions, resins, metals, ceramics, or semiconductors to the surface treated fluorochemical 
member. By using a fluoropolymer sheet as the fluorochemical member and a metal or synthetic resin 
layer as the other member, there are obtained weather-resistant composite sheets in which the layer is 
firmly bonded to the fluoropolymer sheet. 
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comprising the step of treating a surface of thefluorochemical member with atmospheric pressure glow plasma 
in a helium gas atmosphere. A second aspect of the present invention is a method for forming a composite 
product from a fluorochemicat member by joining another member selected from the group consisting of rubber 
compositions, resins, metals, ceramics, and semiconductors to the surface-treated fluorochemical memb r. 

In one preferred embodiment, the other member is joined to the fluorochemical member with an adhesive 
in the form of a silane coupling agent and/or aminosilane coupling agent Where the other member is of a rubber 
composition based on a NBR rubber, it is joined to the surface-treated fluoro-chemical member with a urethane, 
NBR phenol, modified NBR phenol, aminosilane or butyl adhesive. Where the other member is of a rubber 
composition based on a MR rubber, it is joined to the surface-treated fluorochemical member with a butyl adhe- 
sive. . , . 

In a further aspect of the invention a flupropolymer-containing sheet on a surface thereof is treated with 
atmospheric glow plasma in a helium gas atmosphere. A metal layer or a layer of synthetic resin other than 
the fiuoropoiymer is bonded to the plasma-treated surface of theftuoropolymer-containing sheet, optionally with 
an adhesive. The products of these processes are also an aspect of the invention. 

FIG. 1 is a schematic view of an atmospheric glow plasma discharging apparatus. 

FIG. 2 is a cross section of another exemplary apparatus usable in the practice of the present invention. 

FIG. 3 is a cross section of a further exemplary apparatus usable in, the practice of the present invention. 

FIG. 4 is a cross section taken along lines IV-IV in FIG. 3. . 

FIG. 5 is a schematic view of a stili further exemplary atmospheric glow plasma discharging apparatus. 
DETAILED DESCRIPTION 

The fluorochemical members which can be surface treated according to the present invention are formed 
of fluorochemical materials, that is, materials containing a fluorine atom or atoms in a molecule. Typical are 
fluorocarboris or fluororesins, for example, polytetrafluqroethylene, perfiuoroalkoxy fluororesins, tetrafluori- 
nated ethyleriehexafluorinated propiylene copolymers, ethylene-tetrafluorinated ethylene, copolymers, po- 
ly (chlorotrifluoroethylene), polyvinylidene fluoride, and polyvinyl fluoride resins as well as fluororubbers. 

Also included are blends of fluororesins with other (fluorine-free) synthetic resins, for example, polyethy- 
lene(meth)acrylate copolymers, poly(meth)acrylates, polyvinyl chloride, polyethylene . terephthalate, 
polybutylene terephthalate, polyamides, polyvinyl acetate, polyvinylidene chloride, polycarbonates, 
poly(4-methyl-1-pentene), poly(cis-1,2-butadiene), acrylonitrile-butadiene-styrene copolymers, and ethylene- 
propylene copolymers. The amounts of synthetic resins blended with fluororesins may be determined in accord- 
ance with the desired physical properties of the member, although 0 to 10,000 parts by weight of the synthetic 
resins may be blended to 100 parts by weight of fluororesins., , 

The fluorochemical members may have any ciesired shape, for example, plate, sheet, cylinder, column, 
fiber, and block shapes. 

The surface treating method of the invention is to treat a surface of the fluorochemical member with atmos- 
pheric glow plasma in a helium gas atmosphere. 

In general, "glow discharge" (uniform discharge applicable to surface treatment) is defined as occurring 
under reduced pressure while all the discharges which can be created under atmospheric pressure are nonuni- 
form discharges at high temperatures, such as arc discharge, corona discharge and spark discharge. That is, 
the concept of a glow discharge under atmospheric pressure was not recognized. It was found that a glow dis- 
charge plasma under atmospheric pressure can be created in selected conditions as disclosed in Japanese 
Patent Application Kokai No. 306569/1989, and 15171/1990. The atmospheric plasma process takes place at 
pressure near atmospheric pressure, does not need a vacuum apparatus of high capacity, is applicable to mem- 
bers having relatively high contents of water and volatile plasticizers, produces little heat during operation and 
is thus applicable to low-melting material members. It also allows for localized treatment so that only a selected 
area of a member may be treated. Except that the atmosphere should be helium gas, the treating conditions 
may be selected from well-known parameters as will be described later. 

Atmospheric glow plasma may be produced by any desired method which can generate a glow discharge 
plasma'under atmospheric pressure and thereby induce reaction on the object surface. Voltage application is 
generally classified into DC and AC modes, with the AC mode being advantageous for commercial purposes. 
Generally, voltage application in either mode requires a pair of electrode, one for high voltage and one for 
grounding. 

The AC discharge is further classified in terms of frequency or wavelength into low frequency, high fre- 
quency, and microwave. In the case of low frequency discharge, the electrodes used in producing atmospheric 
glow plasma include electrodes of capacity and coil types. For an internal electrode mode, it is recommended 
to coat one or both of the electrodes with insulator since a stable atmospheric glow plasma is readily available. 
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An external electrode mode may be employed if the treating chamber is formed of glass or similar insulator. 
The high frequency discharge may also employ an internal electrode mode as used for the low frequency dis- 
charge and an external electrode mode as well as coil type discharge. In the case of microwave discharge, a 
waveguide mode of discharge is useful. 
5 In the case of DC discharge, for creating and stabilizing a DC glow discharge with electrons directly fed 

from the electrode, it is recommended not to coat the high voltage applying and grounding electrodes with 
insulator. 

In the practice of the present invention, surface treatment may be carried out by placing an object to be 
treated, which is a fiuorochemical member, in a treating chamber where a plasma discharge zone is formed 
10 by the above-mentioned technique while helium gas is supplied to the chamber. 

Referring to FIG. 1, there is illustrated one exemplary apparatus for carrying out surface treatment accord- 
ing to the invention. The apparatus includes a treating chamber 1 , a helium inlet tube 2 connected to the cham- 
ber, a pair of opposed electrodes 3, 3 spaced a predetermined distance in the chamber, one electrode being 
connected to a power supply 4 and the other electrode being grounded, and a gas outlet tube 6 connected to 
15 the chamber on a side opposite to the inlet tube. An object to be treated 5 is disposed between the electrodes 
3, 3. 

FIGS. 2 and 3 show different embodiments of the treating apparatus which may be used when the 
fluorochemical member has an axisymmetric shape such as tube, rod, and fiber shapes. 

FIG. 2 shows an apparatus suitable for the treatment of a tubular object (fluorochemical member) which 
20 employs an annular electrode and a conductive core coated with a fluorochemical member as a counter elec- 
trode. The apparatus includes a cylindrical housing of insulating material 1 1 having a central thin walled section 

12 and inwardly protruding annular supports 18 disposed at axially opposed ends of the housing. An annular 
electrode 13 is sleeved over the housing central section 12 so that the inner surface of the annular electrode 

13 is insulated by the insulator 12. An article 14 in the form of a conductive core 15 covered over the outer 
25 periphery with a tubular member 16 to be treated (fluorochemical member) is substantially coaxially disposed 

in the housing 11. More particularly, the article 14 is supported by end annular supports 18. The housing 1 1 is 
provided with gas inlet and outlet ports 19 and 20 inside the annular supports 18. The annular electrode 13 is 
connected to an AC power supply 21. The core 15 serves as a counter electrode 17 which is grounded. 

The apparatus of FIG. 2 is of simple structure in that the article to be treated 14 (that is, the conductive 

30 core 15 covered with the object to be treated 1 6) serves as a counter electrode. Between the annular electrode 
13 and the counter electrode 17 is produced an atmospheric glow plasma region uniformly surrounding the arti- 
cle to be treated 14. Then the article 14 is uniformly treated on the outer surface. 

FIG. 3 shows an apparatus suitable for the treatment of a rod-shaped object (fluorochemical member). The 
embodiment of FIG. 3 is substantially the same as FIG. 2 except that instead of the conductive core covered 

35 with an object to be treated serving as a counter electrode, a counter electrode in the form of a wire 17 is exten- 
ded along an object to be treated 14. As seen from FIG. 4, the wire electrode 1 7 is spaced apart from the object 
14. When an atmospheric glow plasma is produced, shadow zones A and B are formed by the object 14 itself 
between the electrodes 13 and 17 if the object 14 has a much larger diameter than the counter electrode 17. 
It was found that the glow plasma region extends throughout the shadow zones A and B. Therefore, the object 

40 14 is subject to uniform glow plasma treatment over the outer surface. 

A still further possible embodiment of the apparatus used in the surface treatment in accordance with the 
invention is shown in FIG. 5. The embodiment of FiG. 5 is obtained by modifying the embodiment of FIG. 1 
such that an object to be treated is continuously passed through the plasma region. The apparatus includes a 
treating chamber 22, a helium gas inlet tube 23 connected to the chamber, and a pair of insulator-coated el ec- 

45 trodes 24, 24 spaced a predetermined distance in the chamber, one electrode being connected to a power sup- 
ply 25 and the other electrode being grounded. A sheet to be treated 26 is continuously moved from a supply 
roll 27 to a take-up roll 28 while it is passed between the electrodes 24 and 24 where it is subject to surface 
treatment. 

After surface treatment with atmospheric glow plasma in this way, the fluorochemical member has a highly 
so hydrophilic surface which can be readily joined to another member for integration by well-known means such 
as heating, pressing, and heat pressing. 

The other members to be joined to the fluorochemical members are of any desired materials including rub- 
ber compositions, resins, matals, ceramics, and s miconductors and may take any desired shape such as plate, 
sheet, cylinder, column, fiber and block shapes. 
55 Adhesives are generally used for joinder purposes. A suitable adhesive may be selected from silane cou- 

pling agents, aminosilane coupling agents, poxy adhesives, urethane adhesiv s, phenol adhesives, NBR 
phenol adhesives, acrylic adhesives, and rubber adhesives, depending on the type and surface state of the 
other material to be joined, the bonding method and other factors. Silane coupling agents and aminosilane cou- 
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pling agents are preferred adhesives. For some materials or conditions, a direct joinder can be accomplished 
without adhesive. 

When the fluorochemical members are joined to rubber compositions to form rubbery composite materials, 
any well-known rubber compositions may be used. Various well-known rubber bases may be used although 

5 acrylonitrile-butadiene rubber (NBR) and isobutylene-isoprene rubber (IIR) bases are preferred. 

In joining rubber compositions to the surface-treated fluorochemical members, it is possible to form a direct 
bond therebetween without adhesive if a particular type of rubber composition or a particular set of bonding 
conditions is selected. In most cases, however, adhesives are used. A suitable adhesive may be selected from 
the above-mentioned adhesives, depending on the type and surface state of the rubber composition to be 

10 joined, the bonding method and other factors. When a rubber composition based on a NBR rubber is joined to 
the fluorochemical member, the adhesive is preferably selected form urethane, NBR phenol, modified NBR 
phenol, aminosilane and butyl adhesives, with the urethane and NBR phenol adhesives being most preferred. 
When a rubber composition based on a IIR rubber is joined to the fluorochemical member, a butyl adhesive is 
preferred. 

15 Bonding may be achieved by conventional techniques, for example, by placing a rubber composition on a 

surface-treated fluorochemical member often through an adhesive layer, and applying pressure and/or heat or 
vulcanizing the rubber. 

The fluorochemical member/rubber composite materials thus produced are useful in the manufacture of 
various parts such as automobile gasoline hoses and conveyor belts. 

20 It is also possible to apply and bond layers of metal or synthetic resin other than fluoropolymers to the sur- 

face-treated fluorochemical members. The metal layers may be metal foils of at least 10 thick of aluminum, 
copper, iron, plated copper, stainless steel, brass or the like. The synthetic resin layers may be resin sheets 
of polyethylene terephthalate, polybutylene terephthalate, polyamides, poly(meth)acrylate, polyvinyl chloride, 
polycarbonates, polyethylene, polypropylene or the like. Most often, aluminum foil is used for its air-tightness, 

25 economy, ease of processing and other advantages. These foils and sheets play the role of imparting strength, 
air-tightness and other properties to the composite products instead of the fluorochemical members even when 
the fluorochemical members are as thin as 10 to 1000 fim. Since the surface of fluorochemical members has 
gained a high degree of hydrophilic nature through the plasma treatment, the fluorochemical members can be 
readily bonded to the foils or sheets into composite products by well-known bonding means, for example, heat- 

30 ing, pressing, and heat pressing. 

In joining metal or synthetic resin layers to the surface-treated fluorochemical members, it is possible to 
form a direct bond therebetween without adhesive if a particular type of material or a particular set of surface 
treating or bonding conditions is selected. In most cases, however, adhesives are used. A suitable adhesive 
may be selected from epoxy adhesives, urethane adhesives, phenol adhesives, NBR phenol adhesives, acrylic 

35 adhesives, and rubber adhesives, depending on the type and surface state of the layer to be joined, the bonding 
method and other factors. 

In this way, a fluorochemical member having a surface treated with atmospheric glow plasma is joined to 
another sheet to form a weather-resistant composite sheet in which both the components are firmly bonded 
and integrated to each other. 

40 

EXAMPLE 

Examples of the present invention are given below together with comparative examples by way of illus- 
tration and not by way of limitation. 

45 

Example 1 & Comparative Examples 1-4 

Using the plasma treating apparatus of FIG. 1 , strips of fluororesin film (ETFE: tetrafiuoroethylene-ethylene 
copolymer) were treated on their surface under the conditions shown in Table 1. Comparative Examples 1 and 
so 2 are prior art known methods for imparting hydrophilic nature to a surface of organic material. Comparative 
Example 3 is a prior art known method for imparting hydrophilic nature to a surface of fluorochemical material. 
Comparative Example 4 is a control sample on which no surface treatment was done. 

The treated strips of Example 1 and Comparative Exampl s 1-4 were examined for d gree of surface treat- 
ment by measuring a contact angle of a water droplet. Smaller contact angles with water mean that surface- 
55 treated members have higher degrees of hydrophilic nature. The measurements of contact angle are reported 
in Table 1. 

Next, the treated fluororesin strips were adhesively joined to rubber pieces by heat pressing, for examining 
adhesiveness. 

5 
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10 



15 



20 



25 



Two adhesives were used. Adhesive A is an aminosilane coupling agent diluted with methanol by a volume 
factor of 20. Adhesive B is a urethane adhesive, Desmodur R (manufactured by Bayer AG) diluted with 
methylene chloride by a volume factor of 3. The rubber pieces used had the following composition. 

^ ... _ . Parts by 

Rubber composition A rr . , . J 

■ r weight 

NBR (N230S by Japan Synthetic 10Q 
Rubber K.K. ) 

Carbon black 3 0 
Zinc white 2 ^ 

Antioxidant 1) 1.5 

Vulcanization promoter 2) 0,5 

Vegetable oil or mineral oil 10 

1) polymerized 2, 2 , 4 — trimethyl — 1 , 2 — 
dihydroquinoline 

2) tetramethylthiuram disulfite 



Fluororesin strips both before and after theabove-mentioned surface treatment were coated with the adhe- 
sives by dipping and air drying. Then rubber pieces were laid on the strips and vulcanized to the strips by heat 
30 pressing at 150°C for 45 minutes. 

The fluororesin/rubber composite samples were'allowed to stand in a constant temperature chamber at 
120°C for 24 hours for heat aging. The composite samples both before and after the heat aging test was subject 
to a stripping test by stripping the rubber pieces from the fluororesin strips. The percent area of rubber remainder 
on the fluororesin strip after the test was determined and reported as rubber adhesion. The proportion of cohe- 
35 sive failure of rubber was examined in this way. 
The results are shown in Table 1 . 
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Table ' 1 





Example 
1 • 


Compara- 
tive 
Example 
1 


Compara- 
tive 
Example 
2 


Compara- 
tive 
Example 
3 


Compara- 
tive 
Example 
4 


Type of discharge 


AGP 


AGP 


corona 


LPGP 




Pressure, Torr 


760 


760 


760 


0.3 


— 


Frequency, kHz 


3 


3 


15 


1.356 
X 10 4 


— 


Treating time, sec. 


60 


6 0 


b U 


£ ft 




Gas 


He 


He/O z 
(20/1) 


air 


He . 


— 


Contact angle, 


38.8 


61.6 


80 .2 


50.0 


99.2 


Adhesive 
A 


Rubber 
adhesion, % 
Before heat 
aging 


30 


5 


5 


20 


0 


Rubber 
adhesion, % 
After heat 
aging 


60 


5 


10 


40 


0 


Adhesive 
B 


Rubber 
adhesion, % 
Before heat 
aging 


100 


15 


0 


50 


i 

0 


Rubber 
adhesion, % 
After heat 
aging 


100 


5 


0 


60 


0 



45 



50 

AGP: atmospheric glow plasma 
LPGP: low pressure glow plasma 

55 

Table 1 shows that as compared with the fiuororesin strips treated by the prior art techniques, the surface 
of the fiuororesin strip treated according to the present invention has a small contact angle with water, that is, 
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improved water wettability, which indicates that a high degree of hydrophilic nature has been imparted and that 
the surface has been well modified for bonding. 

The data of percent rubber adhesion indicate that the rubber is firmly bonded to the fluororesin strip treated 
according to the present invention as compared with the fluororesin strips treated by the prior art techniques, 
demonstrating that the present invention is effective for integration. 

Example 2 

This example examines the compatibility of rubber compositions with adhesives. The rubber compositions 
tested are rubber composition A in Example 1 based on NBR and the following rubber composition B based 
onllR. 



Rubber composition B 

IIR (Butyl 2 68 by Japan Synthetic 
Rubber K.K. ) 

Carbon black (N— 660) 

Zinc white 

Stearic acid 

Paraffin oil 25 

Vulcanization promoter 3) 0.5 

Vulcanization promoter 4 ) 1 

Sulfur 2 

3) dibenzothiazyl disulfide ( MBTS ) 

4) tetramethylthiurarn disulfide (TMTD) 

Fluorochemical members of the same ETFE resin as in Example 1 were used and surface treated in the 
same manner as in Example 1. 
The adhesives used were 

NBR phenol adhesive (Metalock 968 manufactured by Toyo Chemical Research K.K.), 
modified NBR phenol adhesive, 
butyral adhesive, 

aminosilane adhesive (methanol dilution by a factor of 50), 
butyl adhesive (MEK dilution by a factor of 4), and 

urethane adhesive (Desmodur R manufactured by Bayer AG, ethylene chloride dilution by a factor of 
3). The adhesives were brush coated to the treated surface of fluororesin strips and air dried. Then rubber 
pieces were laid on the strips and vulcanized to the strips by heat pressing at 150°C for 45 minutes for rubber 
composition A and at 1 50 C C for 30 minutes for rubber composition B. 

The fluororesin/rubber composite samples were subject to a stripping test by stripping the rubber pieces 
from the fluororesin strips in the same manner as in Example 1. The percent area of rubber remainder on the 
fluororesin strip after the test was d termined and reported as rubber adhesion. The proportion of cohesive 
failure of rubber was examined in this way. 

The results are shown in Table 2. 



Parts by 
weight 

100 

70 
5 
1 



8 
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Table 2 



Adhesive 


Rubber adhesion, % 


. Rubber A 


Rubber B 


NBR phenol 


100 


0 


Modified NBR phenol 


50 


0 


Butyral 


0 


0 


Aminosilane 


50 


0 


Butyl 


70 


100 


Urethane 


100 


0 



As is evident from Table 2, for the fluororesin surfaces modified to be highly hydrophilic, the NBR phenol. 
20 modified NBR phenol, aminosilane, butyl and urethane adhesives are well compatible with the NBR rubber 
composition, with the NBR phenol and urethane adhesives being most preferred. The butyl adhesive is well 
compatible with the MR rubber composition. 



Example 3 

25 

Using an internal electrode type atmospheric glow plasma discharging apparatus as shown in FIG. 5, vari- 
ous fluoropolymer-containing sheets reported in Table 4 were surface treated under the conditions reported in 
Table 3. The sheets both before and after the surface treatment were measured for contact angle with water 
for comparing their hydrophilic nature before and after the surface treatment. 
30 The results are shown in Table 5. 



Table 3 ♦ 



Inert gas 


Helium 


Gas flow rate 


5.0 H /min. 


Discharge frequency 


5 kHz 


Treating time 


60 sec. 



45 
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Table 4 



NO. 


Fluoropolymer 


Abbre- 

viat ion 


1 


tetraf luoroethylene — 
pei r luoroaiKyivmyietner resin 


PFA 


2 


perf luoroethylene - propylene resin 


FEP 


3 


polychlorotrif luoroethylene resin 


CTFE 


4 


tetraf luoroethylene - ethylene resin 


ETFE 


5 


polyvinylidene fluoride resin 


PVDF 


6 


polyvinyl fluoride resin 


PVF 


7 


polyvinylidene fluoride resin/polymethyl 
methacrylate resin blend 


PVDF/PMMA 


8 • 


polyvinylidene fluoride resin/polyvinyl 
chloride resin blend 


PVDF/PVC 



Manufacturers : 

1/ 2, 3, 4: Daikin Industry K.K. 

5: Pennwalt Co. (now Atochem Co.) 

6: E.I. duPont (38 fi m thick) 

7: Denka K.K. (DX41 film, 40 - m thick) 



10 
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Table 5 



No . 


Abbreviation 


Contact angle with water, 


Before treatment 


After treatment 


1 


PFA 


109.8 


27 .0 


2 


FEP 


111.8 


28.0 


3 


CTFE 


94-1 : 


28.0 


4 


ETFE 


98.8 


30.6 


5 


PVDF 


92.1 


32 . 0 


6 


PVF 


83.5 


30.4 


7 


PVDF/PMMA 


63.7 


27.2 


8 


PVDF/PVC 


61 . 0 


19.1 



As is evident from Table 5, atmospheric glow plasma treatment in helium gas can impart a high degree of 
25 hydrophilic nature to the surface of fluoropolymer sheets. Differently stated, fiuoropolymer sheets can be mod- 
ified to have a surface readily bondable with metal foils or synthetic resin sheets. 

Example 4 

30 Strips of PVDF, ETFE, FEP and PFA were subjected to atmospheric glow plasma treatment as in Example 

3 under the same conditions as in Table 3. The strips were bonded to aluminum foil pieces of 0.2 mm thick 
with a urethane adhesive (NS507CA25 manufactured by Sanyo Chemicals K.K.). The adhesive was cured by 
keeping the samples in an oven at 1 0O'C for 1 5 minutes. Bonding force against stripping was measured. Simi- 
larly, control samples (without plasma treatment) were examined for bonding force. 

35 The results are shown in Table 6. 



Table 6 



Fluororesin 


Bonding force, kgf/cm 


No treatment 


Atmospheric glow 
plasma 


ETFE 


0.00 


0.43 


PVDF 


. 0.10 


0.83 


FEP 


0.00 


0.64 


PFA 


0.00 


0.60 



55 

As is evident from Table 6, atmospheric glow plasma treatment significantly improves the bond between 
fluororesin sheet and aluminum foil. 

There has been described a method for surface treating fluorochemical members whereby the fluorochem- 
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ical members which are otherwise difficultly bondable can be modified to possess a highly hydrophilic, readily 
bondable surface. Then fluorochemical members having surface treated can be integrated with other members 
of metal, rubber or the like through a firm bond, preferably with the aid of adhesive. To fluorochemical members 
possessing a highly hydrophilic, readily bondable surface as a result of surface modification, layers of metal 

5 or synthetic resin can be laminated and firmly bonded to form weather-resistant composite sheets. 

Although some preferred embodiments have been described, many modifications and variations may be 
made thereto in the light of the above teachings. It is therefore to be understood that within the scope of the 
appended claims, the invention may be practised otherwise than as specifically described. For example, 
although actual atmospheric pressure or a pressure substantially equal thereto is usual for the plasma treatment 

10 because of convenience, the pressure used may in. some cases be appreciably different from actual atmos- 
pheric pressure provided that it is of the same order of magnitude, e.g. ± 20%. The advantages stated can still 
be obtained. 



15 Claims 

1. A method for surface treating a fluorochemical article comprising the step of treating a surface of the 
fluorochemical member with atmospheric glow plasma in a helium gas atmosphere. 

20 2. A method for forming a composite product from a fluorochemical member comprising the steps of: 

treating a surface of the fluorochemical member with atmospheric glow plasma in a helium gas 
atmosphere, and 

joining another member selected from the group consisting of rubber compositions, resins, metals, 
ceramics, and semiconductors to the surface treated fluorochemical member. 

25 

3. The method of claim 2 wherein the other member is joined to the fluorochemical member with an adhesive 
selected from the group consisting of silane coupling agents, aminosilane coupling agents and mixtures 
thereof. 



30 4. The method of claim 2 wherein the other member of a rubber composition based on a NBR rubber is joined 
to the fluorochemical member with an adhesive selected from the group consisting of urethane, NBR 
phenol, modified NBR phenol, aminosilane and butyl adhesives. 

5. The method of claim 2 wherein the other member of a rubber composition based on a IIR rubber is joined 
35 to the fluorochemical member with a butyl adhesive. 

6. A method for forming a composite sheet comprising the steps of: 

treating a surface of a fluorochemical sheet with atmospheric glow plasma in a helium gas atmos- 
phere, and 

40 bonding a layer of metal or synthetic resin to the surface treated fluorochemical sheet. 

7. A surface-treated fluorochemical article having a hydrophiliced surface, obtainable in accordance with 
claim 1. ■ ■ ■ . 



45 8. A composite product obtainable in accordance with any one of claims 2 to 6. 

9. A method of forming a composite article, comprising bonding a rubber, resin, metal, ceramic or semicon- 
ductor component to a surface of a fluorochemical component which has been rendered more hydrophitic 
by atmospheric glow plasma treatment in helium gas. ~ 

50 
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FIG.1 
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FIG. 3 




FIG. 4 
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FIG. 5 
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